One of the two metallothionein genes in Drosophila melanogaster, Mtn, occurs in two predominant alleles: Mtn1, which was found at frequencies of 85% and 95% in American and European samples, respec-tively (1-3), and Mtn3, which was the minority allele in the American and European samples, but was fixed in a sample from Congo (2). Structurally, Mtn' differs from Mtn3 in three respects: 1) it has two base substitutions in the promoter region, 2) it lacks a 49-base pair segment in the 3' untranslated region, and 3) it has a base substitution in the C-terminal codon. Thus, stocks were created in which the majority of the genetic background was the same as that in the Samarkand Mtn 3 stock but which were homozygous for the Mtnl allele. Two of these lines, SCSI and SCS2, were used for tests of metal tolerance.
fers from Mtn3 in three respects: 1) it has two base substitutions in the promoter region, 2) it lacks a 49-base pair segment in the 3' untranslated region, and 3) it has a base substitution in the C-terminal codon. Studies in sibling species suggest that Mtn3 is the ancestral allele. RNA (2) .
Metallothionein seems to be a very monomorphic protein in most species. To our knowledge, Drosophila presents the only case in which genetic polymorphism of metallothionein has been studied; we have observed polymorphism both in the coding sequence and the presence of duplications (2, 4) . The occurrence of Lys-40 in Mtn3 in place of the Stocks with a duplication for the Mtn3 allele were produced by P-element-mediated transformation with a vector carrying a copy of the Mtn3 allele including 370 base pairs (bp) of the promoter region. We have shown that this segment of the promoter is sufficient for normal expression of the Mtn gene (6) . Transformed flies were crossed to a strain carrying Mtn3, and the third-chromosome marker, "red" (C301). The strain derived from this cross, C3 13, was homozygous for the Mtn3 allele at two different sites. Level of expression was determined by northern analysis as previously done (4); we determined that the amount of RNA loaded in all lanes was comparable by visual inspection of ethidium-bromide-stained rRNA after electrophoresis.
Males, eclosed over a 24-hr period, were sorted in groups of 20 and kept on normal food for a 6-hr period. At this point they were transferred to treatment vials containing Instant Drosophila Medium (Carolina Biologicals, Burlington, North Carolina) supplemented with 0, 0.1, 0.5, or 1.0 mM CdCI2. Surviving flies were counted every 24 hr and transferred to fresh vials with the corresponding medium every 3 days. We determined the half-life of different genotypes in the various treatments from survival curves. All genotypes and concentrations tested were tested simultaneously, with 4 vials of 20 flies for each genotype and each treatment. This unit experiment was repeated three times for each comparison.
Results and Discussion
Using P-element-mediated transformation, we produced flies carrying an extra copy of the Mtn 3 allele. Estimates of metallothionein RNA, by northern analysis, confirmed that these transformed flies (C313) Articles * Cadmium tolerance in Drosophila
with a single copy, as is shown in Figure 2 and Table 1 . Tolerance here is measured as the half-life of adult males in various media; Figure 2A shows a set of survival curves of the type used to obtain the halflife values reported in Figure 2B . These results indicate that the allele Mtm3 is capable of participating in metal detoxification, and we propose that the failure to find duplications for this allele in natural populations is probably due to its infrequent occurrence in Europe. It is in Europe where duplications of Mtn' seem to have originated, in response to the agricultural use of copper salts for antimicrobial purposes (2) .
In addition to studying flies with one (3) 37 (2) 28(0.5)
41 (3) 34 (2) 21 (1) 14(0.5) (2) 20 (2) 14(0.5) aN = 3. Analysis of variance indicates that, with respect to cadmium tolerance, C313 Dup(Mtr3) is significantly different from the other two strains (p<0.01), which are not significantly different from one another. DupH22(Mtn') 100 (6) 112 (15) 92 (4) 59 (4) SCSI (Mtn') 100 (7) 82 (2) 55 (4) 34 (5) SCS2 (Mtn') 100 (6) 78 (6) 48 (6) 33 (4) S500 (Mtn3) 100 (5) 98 (8) 52 (4) 37 (5) aN= 3 . Analysis of variance indicates that, with respect to cadmium tolerance, DupH22 (Mtn') is significantly different from the other three strains (p<0.01), which are not significantly different from one another. 
